The cytotoxicity effect of aqueous extracts of the lichens species Myelochroa lindmanii and Canoparmelia texana (Lecanorales, Parmeliaceae) were evaluated using meristematic cells of lettuce (Lactuca sativa) and maize (Zea mays). The seasonal effect was also evaluated. Extracts of M. lindmanii and C. texana inhibited root growth and/or percentage germination, possibly due to alterations in the cell cycle. The M. lindmanii extract showed anti-mitotic effects and blocked the cell cycle in metaphase so that c-mitosis and cells with chromosome duplication were produced. The C. texana extract appeared to hinder cell division, increasing the number of interphase cells. In addition, both extracts caused an increase in percentage of cell death. Clastogenic effects were also observed, such as sticky chromosomes, bridges, fragments and later segregation. Both lichen species are thus potential sources of biologically active substances with possible applications in biology, medicine and agronomy.
Lichens are symbiotic organisms and together with some marine organisms and frog venom, are some of the most important sources of biologically active compounds (Barnes, 2000) with antitumour, antiviral, antimycobacterial, antiinflamatory, antiherbivoral, immunostimulating, cytotoxic and mito-depressive effects (Perry et al., 1999; Vijayakumar et al., 2000; Cochietto et al., 2002) . However, few studies have been done with lichens and screening bioassays are essential tools for identifying the effects of lichens. Using plant cytogenetic tests, the effects can be observed at chromosome level (clastogenesis) through alterations in chromosome structure and number (aneuploidy, polyploidy) (Grant, 1994) . A wide range of plant screening procedures are available, notable among them lettuce (Lactuca sativa L.), used in root growth and germination tests (Chon et al., 2005) , and maize (Zea mays L.), commonly used as a cytotoxicity evaluation model (Pavel and Creanga, 2005) .
In recent unpublished work we observed that aqueous extracts of the lichens Myelochroa lindmanii (Lynge) Elix & Hale and Canoparmelia texana (Tuckermann) Elix & Hale (Lecanorales, Parmeliaceae) inhibited the root growth of L. sativa in an allelopathic test, an observation which led to the work described in the present paper.
Considering that little knowledge about these species is available, we designed the present study to evaluate the effects of the M. lindmanii and C. texana extracts on germination, root growth and chromosome alterations in lettuce and maize.
We collected M. lindmanii and C. texana twice in the rainy season (January, summer) and twice in the dry season (August, winter) in Juiz de Fora city, Minas Gerais state, Brazil (-21.77°S, -43.35°W) . The climatological details of these seasons were obtained from the Laboratory of Climatology and Environmental Analysis at the Federal University of Juiz de Fora (UFJF) and are shown in Table 1 . Voucher specimens were identified according to Ribeiro CH (MSc dissertation, UNESP, Botucatu, SP, 1998) and deposited at the Leopoldo Krieger herbarium (UFJF) as M. lindmanii (Voucher: 31656) and C. texana (Voucher: 31658). Genetics and Molecular Biology, 31, 1, 141-145 (2008) Copyright by the Brazilian Society of Genetics. Printed in Brazil www.sbg.org.br An aqueous extract was prepared from each lichen by infusing macerated lichen tissue in distilled water at a lichen-to-water ratio of 1:10 (w/v) during 24 h at 25°C. The extracts were filtered through a Whatman number 1 filter paper and stored at 4°C.
To evaluate the effects of the extract on percentage germination, root growth and cytogenetic alterations we used Grand Rapids variety lettuce seeds and inbred maize line L-922 seeds (UFV).
For germination and root growth analysis we used a completely random design with 4 replicates. For each replicate, we placed 30 lettuce seeds and 30 maize seeds in separate petri dishes, added 5 mL of extract to each dish and incubated them at 25°C for 72 h, after which we assessed the percentage germination and root growth in millimeter. Control experiments replaced the extract with the same volume of distilled water.
For cytogenetic analysis seeds were treated with distilled water as described above until root emergence and then 5 mL of lichen extract was added and the seeds incubated at 25°C for 36 h. After incubation, eight root tips (5 to 10 mm long) were collected from each dish, washed in distilled water and fixed in fresh cold 3:1 methanol:acetic acid (v/v). Slides were made by the air drying technique with enzymatic maceration (Carvalho and Saraiva, 1993) using 1:10 (v/v) Pectinex (Novo Nordisk):sodium citrate buffer, incubated at 34°C and stained with 5% Giemsa. Mitotic and metaphase indices and the percentage of cytogenetic abnormalities (bridges, fragments, sticky chromosomes, later segregation, chromosome duplication, c-metaphase and cell death) were assessed by scoring a minimum of 500 cells from each slide, with almost 12000 cells being analyzed per treatment.
The results for each season (dry or rainy) were obtained by calculating the average of the two collections. Statistical analysis was accomplished using the Tukey test (p < 0.05).
The M. lindmanii extract reduced root growth in both L. sativa and Z. mays but did not affect percentage germination, whereas the C. texana extracts reduced root growth in L. sativa only and percentage germination in both L. sativa and Z. mays, mainly when the lichens were collected during the rainy season (Table 2) .
In general, inhibition of root growth and percentage germination were more evident for extracts made from material collected during rainy season. We used cytogenetic analysis to investigate the mechanisms involved in reduction of root growth and found that M. lindmanii extract caused an increase in mitotic index in both Z. mays and L. sativa, due to an increase of the metaphase number, whereas C. texana extract produced a reduction in both mitotic index and metaphase index, principally for the extracts produced from material collected in the rainy season as was observed for the M. lindmanii extract ( Table 2) .
The extracts of both lichens induced cytologic and chromosome alterations. In L. sativa meristematic cells treated with M. lindmanii extract prepared from material collected in the rainy season there was a increase of 2.4, 10.7 and 4.1 times respectively for bridges, cell death and c-metaphase (Table 2) . Similar, but smaller, effects being seen with material collected in the dry season ( Table 2 ). The effect of M. lindmanii extract was similar in Z. mays meristematic cells, with significant effects on c-metaphases, anaphase/telophase bridges, chromosome fragments and cell death. Some chromosome/cell abnormalities being show in Figure 1 .
We also observed a large increase in the percentage of Z. mays anaphase/telophase bridges. The increase being 7 times for M. lindmanii extract prepared from material collected in the rainy season and 2.8 times for extract made from material collected in the dry season. In addition, some Z. mays cells with duplicated chromosome numbers were observed after treatment with M. lindmanii extract made from material collected in the both seasons (Figure 1 ).
The C. texana extract produced less intense clastogenic effects than the M. lindmanii extract, with only sticky chromosomes and cell death being observed in L. sativa and Z. mays meristematic cells (Table 2, Figure 1 ). Unlike the effect of M. lindmanii extracts, sticky chromosomes constitute an important consequence of the C. texana extract. In general, we verified that collections from the rainy season caused larger effects.
Information about the effects of lichen extracts on plant cells is still scarce considering the large number of lichen species. In this paper we have reported cytotoxic effects of lichen extracts on L. sativa and Z. mays at both the macroscopic level (percentage germination and root growth) and the microscopic level (cytogenetic analysis), with, in general, the extracts producing effects in all the tests. Macroscopically, we observed that the extracts tested 142 Campos et al. Ramulu et al. (1995) reported that when microtubules are not formed, micro-nucleation occurs as a consequence of modified mitosis in which metaphase chromosomes form the micronuclei directly without the division of centromeres and sister chromatid separation. The M. lindmanii extract produced no effect on germination but it is important to note that in our study germination was considered to have occurred when the radicle emerged, and at this initial stage of germination mitosis might not have been affected. Previous studies of several species have shown that specific inhibitors of mitosis did not hinder the initial stage of germination and suggests that mitosis is not always essential for germination (Labouriau and Spillmann, 1989) , indicating that germination could be controlled by metabolic mechanisms that precede cell division. Even so, in our experiments, M. lindmanii extracts produced a marked inhibition in root growth in subsequent stages of germination. The C. texana extracts appear to act through a different mechanism, because our experiments Mutagenic effects of lichen extracts 143 showed that these extracts provoked a decrease in mitotic index due to an increased number of interphase or dead cells. However, the C. texana extracts did not seem to affect microtubule dynamics. Vyvyan (2002) has suggested that the accumulation of interphase cells may be due to inhibition of DNA synthesis. The clastogenic effects caused by the extracts from both lichen species included anaphase/telophase bridges, chromosome fragments and sticky chromosome. Babich et al. (1997) reported that metaphases with sticky chromosomes lose their normal appearance and appear to have a sticky "surface" which causes chromosome agglomeration, possibly due to effects on chromatin and chromosome organization. Singh (2003) states that the presence of chromosome fragments is an indication of chromosome breaks, and can be a consequence of anaphase/telophase bridges. Our observations suggests that the lichen extracts not only interfered with the cell cycle but also affected chromatin organization and caused chromosome breaks. Reigosa et al. (1999) state that, in plants, the amount and quality of allelopathic substances vary due to internal and external factors. Several studies have evaluated the seasonal effect of natural substances which can be influenced by different environmental factors, including temperature, light intensity, rainfall and the length of previous dry periods. Some studies have shown the influence of ecological factors on the concentration of secondary metabolites, with Nash and Olafsen (1995) having reported that climate change can influence the ecophysiological response of lichens.
The M. lindmanii and C. texana extracts used in our study were produced from material collected during both the dry and the rainy season so that we could investigate the effect of environmental changes. Our results indicate that, in general, the effects of M. lindmanii and C. texana extracts were intensified when using material collected during the rainy season.
Information on the biochemistry of these M. lindmanii and C. texana is still scarce, but the lichen paradepside atranorin is known to be a chemical taxonomic marker for these species (Ribeiro CH, MSc dissertation, UNESP, Botucatu, SP, 1998). Marante et al. (2003) suggested that the paradepsides atranorin and chloroatranorin, could act as "parent metabolites" for the enzymatic and/or chemical transformation of a series of compounds that are released into the environment during rainy weather, when conditions favor their hydrolysis and the lichen needs to combat the germination and growth of plants. Marante et al. (2003) also describe the chemical composition and phytotoxicity and antioxidative activity of allelochemicals from the lichen Lethariella canariensis, also a member of the Parmeliaceae, and reported that a phytotoxic mixture of compounds from this lichen is leached into the environment by rainwater where they accumulate by resisting microbiological degradation and act as allelochemicals after penetrating the cell walls of seeds. Furthermore, Marante et al. (2003) present results which suggest that atranorin and chloroatranorin undergo hydrolysis to produce monocyclic fragments that are present in varying amounts in the thallus of L. canariensis and should be considered as true stress metabolites whose concentrations fluctuate with the climatic conditions. The paradepsides accumulate in the dry season, whereas in the rainy season environmental humidity increases and enhances the production of the monocyclic fragments (principally methyl-β-orsellinate, atranol and chloroatranol), with rainwater leaching the phenolic metabolites into the soil where they accumulate. The presence of atranorin in M. lindmanii and C. texana suggests a relationship between these substances and the effects observed in our study. The seasonal effects observed by us regarding the increased activity of the extracts prepared from material collected during the rainy season reinforcing this hypothesis. These are the challenges for further investigations in our laboratory, where work is underway to elucidate the relationship between the seasonal chemical composition of M. lindmanii and C. texana and the genetic and cellular effects described in the present paper. 
